Three new sulfated meroterpenoids containing sesquiterpene and hydroquinone moieties, namely siphonodictyal A sulfate (1), akadisulfate A (2) and akadisulfate B (3), along with the known siphonodictyal B3 and bis(sulfato)-cyclosiphonodictyol A were isolated from the sponge Aka coralliphaga. Their structures were elucidated on the basis of spectroscopic data. Akadisulfate B and siphonodictyal B3 showed a radical-scavenging activity comparable with that of the known lipophylic antioxidant BHT.
Meroterpenoids are hybrid natural products of both terpenoid and polyketide origins [1] . Meroterpenoids with sesquiterpene and hydroquinone (or quinone) moieties are known to be contained in various marine sponges. They attract attention by their structural diversity and multiple biological properties including cytotoxic, antimicrobial, anti-inflammatory, and antioxidant activities [2] . However, their monosulfated and, even more so, disulfated derivatives have been isolated on only rare occasions [3] [4] [5] [6] .
In this paper we report the chemical investigation of the sponge Aka coralliphaga, which has resulted in the isolation of three new highly polar sulfated sesquiterpene hydroquinones, siphonodictyal A sulfate (1), akadisulfate A (2), and akadisulfate B (3), along with the known siphonodictyal B3 (4) [6] and bis(sulfato)-cyclosiphonodictyol A (5) [4] . Their structure elucidations were mainly based on 1D and 2D NMR spectroscopic, as well as MS data. The known compounds were identified by comparison of their spectroscopic data with those published earlier.
The molecular formula C 22 H 32 O 7 SNa of 1 was deduced by the ion peak at m/z 439.1793 [M -Na]  in the HRESIMS, which indicated seven degrees of unsaturation. Under MS/MS conditions, the loss of 80 amu was observed, indicating a sulfate ester group. The 13 C NMR spectrum (Table 1 ) disclosed 22 signals due to seven sp 2 and fifteen sp 3 carbons. Detailed analysis of the 13 C NMR, HSQC, HMBC and 1 H-1 H COSY spectra revealed the presence of a drimane skeleton connected through C-15 with a trisubstituted aromatic ring. The signal of an exchangeable proton at  H 4.46 in the 1 H NMR spectrum (DMSO-d 6 ) and its HMBC correlations with C-7, C-8, C-9 and C-13, together with the characteristic signal of the oxygen-bearing quaternary carbon at  72.6 suggested the presence of a OH group at C-8, in the geminal position to a methyl group at  H 1.13. The mutually coupled doublets at  6.66 (d, J=9.0 Hz) and 7.42 (d, J=9.0 Hz) suggested two ortho protons in a benzene ring. A proton singlet at  10.7 and corresponding carbon signal at  199.0 were assigned to an aldehyde group. The HMBC correlations from both H 2 -15 and the aldehyde proton (H-22) to C-21, as well as a NOE between the CHO proton and OH-8 indicated the location of the aldehyde group at C-21. The position of a phenolic hydroxyl group at C-20 was deduced from the HMBC data, in particular from cross peaks of the phenolic proton at  11.9 with C-20 and C-21, and the aldehyde proton with C-20. This is supported by a downfield shifted signal for OH-20 due to a hydrogen bond between the carbonyl and phenolic hydroxyl group.
The carbon atom C-16 was defined by HMBC correlations from H-9 and H 2 -15 to C-16. The strong HMBC correlations from the aromatic protons to C-16, C-20 and C-20, C-21 allowed us to determine their location at C-18 and C-19. A signal of a remaining oxygenated aromatic carbon (C-17) was assigned using HMBC correlation from H 2 -15, H-18 and H-19 to C-17.
Similarity of 13 C chemical shifts of the C-1 -C-15 part of 1 to that of siphonodictyal A isolated from Siphonodictyon coralliphagum [7] and Aka sp. [5] Akadisulfate A ( 2) was obtained as a yellow powder and its molecular formula was established to be C 22 H 30 O 10 S 2 Na 2 from the [M -2Na] 2 ion at m/z 259.0649 in th e HRESIMS (negative io n mode). The 1 H NMR spectrum in DMSO-d 6 ( Table 1) (Table 1) revealed that compound 2 possesses a sesquiterpene moiety connected with an aromatic moiety via one side of a cy clopentane ring. The chemical shifts in the 13 C NMR spectrum of the sesquiterpene part resemble those of akaol A an d akaol B isolated from the spong e Aka sp. [5] , suggesting identical skeletons and stereochemistry. MS/MS analysis showed two successive losses of [SO 3 ] -, suggesting a double sulfation in the aromatic moiety.
The 2D NMR data display ed one phenolic proton at  8.60 due to the lack of HSQC correlation an d an oxymethyl group, revealed by 1 H-1 H COSY correlations between signals of methylene protons at  4.41 and 4.43 and an exchangeable proton at  4.33. Signals of C-16 and C-21 were assigned using HMBC correlations from H-9, H 2 -15 to C-16 and from H 2 -7, H 3 -13, H 2 -15 to C-21. The HMBC correlation of th e phenolic proton at  8.60 to C-21 and its NOE effects with H 3 -13 and H 2 -7 established the position of the phenolic hydroxyl group at C-20. The C-18 location of the oxymethyl group was also established b y HMBC data, especially H 2 -22 and OH-20 correlations to a common oxygenated carbon signal at  138.1. The remaining C-17 and C-19 atoms were assigned as O-sulfate-bearing carbons. As a result, the structure of akadisulfate A was determined as 2. So f ar, to the b est of our knowledge, only two n atural disulfates of this chemical nature have been isolated [4, 6] . 13 C NMR data were consistent with those of known compounds with a ∆ 4(11) rearranged drimane skeleton [6, 8] . The chemical shift of the CH 3 -12 group ( 21.6), located at the ring junction, is consistent with a trans ring junction rather than a cis one [9, 10] . The NOE correlations from H-8 to CH 3 -14 and the chemical shift of C-13 ( 15.8) revealed a rare axial position of CH 3 -13 in comparison with compounds having the similar sesquiterpene moiety [2, 11] . Detailed NMR analysis displayed olefinic, phenolic and aldehyde protons in the aromatic moiety of compound 3.
Comparison of the spectroscopic data with those of siphonodictyal B3 [6] revealed identical aromatic moieties. The diagnostic NOE correlation of the aromatic proton at  7.74 to H 3 -14 and H-8 suggested the C-21 position for this proton. These results were confirmed by HMBC data ( Table 2 ) and increment calculations [12] . The configuration of H-10 and -configuration of CH 3 -12 and CH 3 -14 were deduced from the 1D NOE experiments (H 3 -13/H-10 and H-8/H 3 -14, H-1ax /H 3 -12, H 3 -14).
The sesquiterpene hydroquinones 1-4 were tested for their antioxidative properties in the DPPH assay. The results are given in Table 3 . All compounds showed less potent radical-scavenging effects than Trolox. Siphonodictyal B3 (4) was the most potent in DPPH scavenging (60.2% inhibition at 200 M concentration) among all the tested substances and was more potent than BHT (54.8%). Compounds 3 and 4 are closely related to each other, but the more active 4 possesses the 9(15) double bond conjugated with an aromatic ring, when compared with 3. Compounds 1-4 did not show cytotoxic activity against THP-1 leukemic cells up to a concentration of 100 M.
Experimental
General: The 1 H and 13 C NMR spectra were recorded on a Bruker Avance III-700 spectrometer at 700 and 175 MHz, respectively with tetramethylsilane as an internal standard. Optical rotation was measured using a Perkin-Elmer 343 polarimeter. UV spectra were registered on a UV-1601 spectrophotometer (Shimadzu) in EtOH. HRESIMS were obtained using an AMD-604S (Intectra, Germany) mass spectrometer (ionizing energy 70 eV). Low pressure column liquid chromatography was performed using Sephadex LH-20 (Sigma-Aldrich) and YMC gel ODS-A (YMC Co., Ltd). Si gel plates (5-17 m, Sorbfil, Russia) were used for thin-layer chromatography. HPLC was performed using a Shimadzu LC-10 AD instrument equipped with a UV SPD-10A detector. 
Free-radical scavenging activity:
The assay used was adapted from the published procedure [13] . Solutions of pure compounds in EtOH at different concentrations (10, 20, 50, 100 and 200 μM final concentration) were prepared and adjusted to 2 mL total volume with 0.7 mL of DPPH-EtOH solution (6 mg/50 mL; 0.1 mM final concentration). The absorbance at 517 nm was determined after 45 min, and the percent free radical inhibition was calculated as follows: Inhibition (%) = 100 -(A sample × 100/A control ). Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) and butylated hydroxytoluene (BHT) were used as positive control standards.
